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(57)Abstract: 

PURPOSE: To attain selective growth of a semiconductor crystal by a vacuum consistent process and to 
obtain a high quality crystal by using a specified gas as a gaseous organometallic compd. when an Al 
compd. semiconductor crystal is grown by a molecular beam epitaxial method using the gaseous 
organometallic compd. 

CONSTITUTION: An Al compd. semiconductor crystal is grown by a molecular beam epitaxial method using 
a gaseous organometallic compd. The semiconductor consists preferably of one or more kinds of group III 
elements of the Periodic Table including Al as an essential component and one or more kinds of group V 
elements and it is, e.g. AIGaAs. One or more kinds of gaseous organometallic compds. represented by alky! 
aluminum, preferably dimethyl aluminum hydride and amine alane preferably dimethylethylamine alane are 
used as the gaseous organometallic compd. 
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* NOTICES * 
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damages caused by the use of this translation. 
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3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the crystal growth approach of aluminum system compound semiconductor characterized by the thing of 
the organic metal gas said organic metal gas is indicated to be by alkylaluminum or Amin Alan in the approach of 
performing aluminum system compound semiconductor crystal growth using the molecular beam epitaxy method using 
organic metal gas included for a kind at least. 

[Claim 2] It is the crystal growth approach of aluminum system compound semiconductor which said alkylaluminum is a 
dimethyl aluminum hydride and is characterized by said Amin Alan's being dimethyl ethylamine ARAN in the crystal 
growth approach according to claim 1 . 

[Claim 3] It is III to which said aluminum system compound semiconductor uses aluminum as an indispensable 
component in the crystal growth approach of aluminum system compound semiconductor according to claim 1. The 
crystal growth approach of aluminum system compound semiconductor characterized by kind and the thing [ a kind ] of 
V group element of a group element at least at least. 

[Claim 4] Setting to the crystal growth approach of aluminum system compound semiconductor according to claim 3, 
said organic metal gas is said III. Ill containing a group element It is the crystal growth approach of aluminum system 
compound semiconductor which consists of mixed gas of group organic metal gas and V group organic metal gas 
containing said V group element, and is characterized by the value of the mixing ratio of said V group organic metal gas 
and said III group organic metal gas being less than two. 

[Claim 5] The crystal growth approach of aluminum system compound semiconductor characterized by carrying out 
crystal growth at the temperature of at most 500 degrees C using said organic metal gas in the crystal growth approach of 
aluminum system compound semiconductor according to claim 3. 

[Claim 6] It is the crystal growth approach of aluminum system compound semiconductor characterized by the thing for 
which said aluminum system compound semiconductor was chosen from AlAs, AlGaAs, and AlGalnAs in the crystal 
growth approach of aluminum system compound semiconductor according to claim 3, and which is a kind at least. 
[Claim 7] It is the crystal growth approach of aluminum system compound semiconductor which consists of a kind at 
least and is characterized by the thing as which it was chosen from aluminum, Ga, and In in which said III group element 
surely contains aluminum in the crystal growth approach of aluminum system compound semiconductor according to 
claim 3, for which said V group element was chosen from from among As and N, and which is a kind at least. 
[Claim 8] It is the crystal growth approach of aluminum system compound semiconductor characterized by said III group 
organic metal gas containing an alkyl gallium when said III group element contains Ga in the crystal growth approach of 
aluminum system compound semiconductor according to claim 7. 

[Claim 9] It is the crystal growth approach of aluminum system compound semiconductor that said alkyl gallium is 
characterized by being a kind of a methyl gallium and the ethyl galliums at least in the crystal growth approach of 
aluminum system compound semiconductor according to claim 8. 

[Claim 10] It is the crystal growth approach of aluminum system compound semiconductor characterized by said V 
group organic metal gas containing an amino arsine when said V group element contains As in the crystal growth 
approach of aluminum system compound semiconductor according to claim 7. 

[Claim 1 1] It is the crystal growth approach of aluminum system compound semiconductor characterized by said amino 
arsine being a tris dimethylamino arsine in the crystal growth approach of aluminum system compound semiconductor 
according to claim 10. 

[Claim 12] It is the crystal growth approach of aluminum system compound semiconductor characterized by being the 
alternative crystal growth of aluminum system compound semiconductor used for the multi-chamber process for which 
said crystal growth used the GaN mask and the GaAs oxide mask in the crystal growth approach of aluminum system 
compound semiconductor a publication either claim 1 thru/or of 1 1 . 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention — the molecular beam epitaxy (Metal organic molucular beam epitaxy, MOMBE) 
of organic metal gas utilization — it is related with the crystal growth of aluminum system compound semiconductor 
using law. 
[0002] 

[Description of the Prior Art] the molecular beam epitaxy (MOMBE) using former and organic metal gas — the crystal 
growth of compound semiconductors, such as AlAs, AlGaAs, etc. which used law, — setting — as the material gas of 
aluminum - as trimethylaluminum (hereafter referred to as TMA), and As raw material - As4 It has been used. 
[0003] According to the verification experiment of this invention persons, crystal growth, such as AlAs, was tried at the 
growth temperature of 600 degrees C here using these material gas, but a flat crystal plane was not obtained. 
Furthermore, a GaAs oxide mask is used and they are AlAs or AlGaAs to opening of a GaAs oxidation mask TMA and 
As4 When it uses and selective growth is tried, AlAs accumulates on a mask and selective growth is impossible. 
[0004] 

[Problem(s) to be Solved by the Invention] As mentioned above, the crystal growth of aluminum system compound 

semiconductors, such as AlAs which has a smooth front face using the MOMBE method, was difficult. 

[0005] Moreover, the selective growth of compound semiconductors, such as AlAs using the multi-chamber process, was 

unrealizable. 

[0006] furthermore, MOMBE of compound semiconductors, such as AlAs, — the combination of the material gas for 
realizing crystal growth by law was not clear. 

[0007] then, the technical technical problem of this invention - MOMBE — it is in realizing selective growth of the 
compound semiconductor of aluminum system using [ and ] the multi-chamber process for the purpose of obtaining a 
good crystal in the crystal growth of aluminum system compound semiconductor using law. 
[0008] 

[Means for Solving the Problem] According to this invention, in the approach of performing aluminum system 
compound semiconductor crystal growth using the molecular beam epitaxy method using organic metal gas, the crystal 
growth approach of aluminum system compound semiconductor characterized by the thing of the organic metal gas said 
organic metal gas is indicated to be by alkylaluminum or Amin Alan included for a kind at least is acquired. 
[0009] the organometallic compound indicated to be alkylaluminum by Rl A1H (R2) in this invention here - it is -- Rl 
And R2 CH3 and C two H5 etc. -- it is an aliphatic hydrocarbon compound. Moreover, it sets to this invention and Amin 
Alan is R3 NA1H (R(R4) 5)3. It is the compound shown, R3 N (R(R4) 5) is the 3rd amine, and it is R3, R4, and R5. It is 
the functional group of H or aliphatic hydrocarbon, respectively. And said alkylaluminum is a dimethyl aluminum 
hydride (CH3) (referred to as DMA1H 2 A1H and the following), and, as for said Amin Alan, it is desirable that it is 
dimethyl ethylamine ARAN (CH3) (2 C2 H5 NA1H3). 

[0010] Moreover, it is III to which said aluminum system compound semiconductor uses aluminum as an indispensable 
component in the crystal growth approach of said aluminum system compound semiconductor according to this 
invention. The crystal growth approach of aluminum system compound semiconductor characterized by kind and the 
thing [ a kind ] of V group element of a group element at least at least is acquired. 

[001 1] Moreover, according to this invention, it sets to the crystal growth approach of said aluminum system compound 
semiconductor, and said organic metal gas is said III. Ill containing a group element It consists of mixed gas of group 
organic metal gas and V group organic metal gas containing said V group element, and the crystal growth approach of 
aluminum system compound semiconductor characterized by the value of the mixing ratio of said V group organic metal 
gas and said HI group organic metal gas being less than two is acquired. 

[0012] Moreover, according to this invention, in the crystal growth approach of said aluminum system compound 
semiconductor, the crystal growth approach of aluminum system compound semiconductor characterized by carrying out 
crystal growth at the temperature of at most 500 degrees C using said organic metal gas is acquired. 
[0013] Moreover, according to this invention, in the crystal growth approach of said aluminum system compound 
semiconductor, the crystal growth approach of aluminum system compound semiconductor characterized by the thing for 
which said aluminum system compound semiconductor was chosen from AlAs, AlGaAs, and AlGalnAs, and which is a 
kind at least is acquired. 

[0014] Moreover, according to this invention, in the crystal growth approach of said aluminum system compound 
semiconductor, it consists of a kind at least and the crystal growth approach of aluminum system compound 
semiconductor characterized by the thing as which said III group element was chosen from aluminum, Ga, and In which 
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surely contain aluminum, for which said V group element was chosen from from among As and N, and which is a kind at 
least is acquired. 

[0015] Moreover, when said III group element contains Ga in the crystal growth approach of said aluminum system 
compound semiconductor according to this invention, the crystal growth approach of aluminum system compound 
semiconductor characterized by said ID group organic metal gas containing an alkyl gallium is acquired. 
[0016] It sets here to the crystal growth approach of said aluminum system compound semiconductor of this invention. 
Said alkyl gallium It is shown by general formula R6 Ga (R(R7) 8) (7 however, R6, R R 8 functional group of hydrogen 
or aliphatic hydrocarbon). Also in it Trimethylgallium (CH3) (3 Ga), And it is desirable that it is a kind at least of the 
triethylgallium (C two H5) (3 Ga). 

[0017] Moreover, when said V group element contains As in the crystal growth approach of said aluminum system 
compound semiconductor according to this invention, the crystal growth approach of aluminum system compound 
semiconductor characterized by said V group organic metal gas containing an amino arsine is acquired. It sets here to the 
crystal growth approach of said aluminum system compound semiconductor of this invention. Said amino arsines Ami 
As(Am2) Am3 (however, Am [1 ], Am [2 ], and Am3 are primary amine) CH3 which contains H for R9, and R10 and 
Rl 1, and C two H5 etc. — when it considers as the functional group of aliphatic hydrocarbon, it is the compound shown 
by R9 NR (R10)l 1, and it is desirable especially that it is a tris dimethylamino arsine {As[N(CH3) 2] 3}. 
[0018] Furthermore, according to this invention, in the crystal growth approach of one of said aluminum system 
compound semiconductors, the crystal growth approach of aluminum system compound semiconductor characterized by 
said crystal growth being the alternative crystal growth of aluminum system compound semiconductor used for the 
multi-chamber process which used the GaN mask and the GaAs oxide mask is acquired. 
[0019] 

[Example] The example of this invention is explained with reference to a drawing below. 

[0020] (Example 1) aluminum NIUMUHI drawing 1 is drawing showing each process of the crystal growth approach of 
(Aluminum aluminum) system compound semiconductor concerning the example 1 of this invention in order, and using 
the gallium nitride (GaN) mask - the selective growth using the multi-chamber process of base (AlAs) is shown. 
[0021] After removing the natural oxidation film of substrate 1 front face first in super- vacuum devices with reference to 
drawing 1 (a) using the substrate 1 of GaAs (100), epitaxial growth of GaAs is performed at the substrate temperature of 
580 degrees C. the substrate temperature after growing GaAs epitaxially - As draft — up to 640 degrees C — raising - a 
GaAs front face - a gallium ~ it considers as a rich (Ga rich) field (lxl) (Ga side), the dimethylhydrazine (DMHy) 
which serves as a source of nitrogen (N) at this time is introduced, and As ** is cut. By this, the thin film 2 of cubic GaN 
which has the thickness of about 20A is formed. As shown in drawing 1 (b) after GaN formation, Ga4 is locally attached 
to opening of the metal mask 3 using the metal mask 3. After attaching Ga4, as the metal mask 3 is removed as shown in 
drawing 1 (c), and substrate temperature is raised to 610 degrees C and shown in drawing 1 (d), some thin films 2 of 
GaN which attached Ga4 are removed alternatively, and it carries out patterning. Pore 2a is formed in drawing 1 R> 1 
(d). after it carries out patterning, using the thin film 2 of GaN as a mask, it is shown in drawing 1 (e) - as — substrate 
temperature - 430 degrees C — carrying out -- a dimethyl aluminum hydride (DMA1H) -- a tris dimemylamino arsine 
(TDMAAs) using -- aluminum NIUMUHI - selective growth of base (AlAs) 5 was performed. Namely, it introduced 
in ultra-high-vacuum equipment by setting TDMAAs to 1.0x10- 7Torr, having set DMA1H as 1.5xl0-7Torr. 
Consequently, selective growth of AlAs5 was able to be carried out only to field 2a in which the mask (it is hereafter 
called the GaN mask 2) which consists of a thin film 2 of GaN carried out patterning. Moreover, AlAs did not 
accumulate on the GaN mask 2. The combination of the above thing to DMA1H and TDMAAs was effective in the 
crystal growth of AlAs. 

[0022] When selective growth of AlAs was performed [ in / with the occasion / the complete growth on a GaAs 
substrate ] at the growth temperature of 500 degrees C or less in a flow and pressure requirement same as the above using 
DMA1H and TDMAAs, the smooth growth side of AlAs was acquired. Moreover, when growth temperature was made 
into 500 degrees C or more, it was ruined and a good crystal front face was not obtained. 

[0023] Furthermore, it is DMA1H and As4 because of the example of a comparison. Growth of AlAs was also tried and 
seen in combination. In this case, it is DMA1H 1.5xlO-7Torr and As4 Although it was referred to as 1.5xl0-6Torr, 
growth temperature was changed and growth of AlAs was tried, the smooth front face was obtained at no growth 
temperature. 

[0024] Therefore, in the example 1 of this invention, using DMA1H and TDMAAs, when AlAs was completely grown up 
at the growth temperature of 500 degrees C or less, the smooth front face was able to be obtained. 
[0025] Moreover, although 1.5xl0-7Torr installation of the trimethylgallium (TMG) was carried out and complete 
growth of the mixed crystal of AlGaAs was further tried on the conditions of an example 1 as an application of the 
example 1 of this invention, the very smooth front face was able to be obtained also in this case. Therefore, the result 
effective also in the crystal growth of AlGaAs which combined DMA1H and TMG adapting an example 1, and TDMAAs 
was able to be obtained. 

[0026] (Example 2) In the example 2, it changed to the GaN mask of an example 1, and selective growth of AlAs by the 
same multi-chamber process was performed except having used the GaAs oxide film. First, that procedure introduces the 
oxygen gas of 10Torr(s) in vacuum devices on a GaAs (100) substrate, and forms a GaAs oxide film in this substrate 
front face by the optical exposure of a halogen lamp. Thermal desorption of the GaAs oxide film which attached Metal 
Ga locally on the mask after oxide-film formation, and attached Ga at 540 degrees C after that was carried out. By this, 
opening was prepared in the GaAs oxide film. Then, DMA1H and TDMAAs were introduced in ultra-high-vacuum 
equipment, and the substrate temperature of 430 degrees C and the selective growth of AlAs were tried. Consequently, 
only opening of a GaAs oxide film was able to perform selective growth of AlAs. 
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[0027] (Example 3) It was made to be the same as that of an example 1 and an example 2 instead of the combination of 
DMA1H and TDMAAs using the GaN mask or the GaAs oxidization mask except having used the combination of 
dimethyl ethylamine ARAN (CH3) (2 C2 H5 NA1H3) and TDMAAs. Consequently, the selective growth of AlAs was 
realizable. 

[0028] (Example 4) Like the above-mentioned example 1 thru/or 3, in the selective growth of AlGaAs, it was able to 

consider as trimethylgallium (TMG) or triethylgallium (TEG) as a source of Ga as a combination of material gas, was 

able to consider as a dimethyl aluminum hydride (DMA1H) or dimethyl ethylamine ARAN as a source of aluminum, and 

was able to carry out further again, using a tris dimethylamino arsine (TDMAAs) as a source of As. 

[0029] In addition, this invention is applicable also to the crystal growth of all the compound semiconductors of 

aluminum systems, such as AlAs, AlGaAs, A IN, and AlGaN. 

[0030] 

[Effect of the Invention] As mentioned above, as explained, in this invention, the crystal growth approach of aluminum 
system compound semiconductor which the selective growth using the multi-chamber process by the compound 
semiconductor of aluminum system of becomes possible, and the structure creation of the optical device which aims at 
the fine structure, or an electron device of is attained, and is greatly industrially useful can be offered. 

[Translation done.] 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] (a) - (e) is a sectional view which ** each process of the crystal growth approach of aluminum system 
compound semiconductor concerning the example 1 of this invention in order. 
[Description of Notations] 

1 Substrate 

2 Thin Film 

3 Metal Mask 

4 Gallium (Ga) 

5 Aluminum NIUMUHI Base (AlAs) 
[Translation done.] 
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DRAWINGS 
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ai, v»s5aK©4>?c< set 

CO 0 1 1 ] #JMBKJ:ntf. S512A IXtbMi 

§BV83r«#R#* ifrtS I I 1 »IW«£JR*f;*£©ig 
£tb©«tt. 2*«r*£t££f5ii<fcT£A llfcfb,^ 
4M£9ftO«t«fi»«&&H9 6 ti -S . 
[0012] #|S9IK:j:fttf. B5I2A 1 jfcfb^Bj 30 

5. 

[0013] mEA 1 SHb^B? 

^^(D^^fi^sfcfcu-c. stftaA 1 mtswzm 

AlAs, AlGaAs, SWlGainAs 

[0014] tfc, *^tc<tnii. b?iba 1 %<t&fe 40 

1 fci&T^t? A 1 . G a . In* 6jMtR3 ttfc4>& < i 
4>-1i2Pe>&9. fti2V^7C^«. AsRON©^* 

[ 0 0 1 5 ] ttc. ^mMicjztnt. mzA 1 m^m 

a&^trJg£. ilia i 1 i8ar&£JBi#*tt, r*+/u 
^y-fA^^ttci^^i-rsA 1 ?wt^«j¥i9»© 
*saR£g*a*s?#e»n-5.. 50 
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[0016] CCV. *^Hj©flafEA 1 3Hb£<g9*iH* 
©itHrJSg^tefcHT. tfiTJWM'^AB, — 
«££R. (R, ) (R. ) Ga (fib, R. . R, . R 

. te*mxizffiimmt*m<D-gmm) -cmzti, *© 

*-Ct> h Vji?JMfVV/* ( (CH, ) , Ga) . SO' 
h VJ-rfrXWA ( (C, H, ) , Ga) ©F*J©:4>fc 

[0017] g/c, *ft9!«:J:*il2. BufBA 1 J^fb^ 
^^KDtSaas^atctet^r. SoiBVBOT«*SA s * 

^trCdfcttaiTSA 1 ^*b£1^«f*©*SiflJ&g# 
&PW6ti*. CCt, 44HH4>NBA 1 3Mb6W>MI 

*©*SS(SS*fiEK*j^r. wriars ^tjus/>mb. 

Am, As (Am! ) Am, (ffiU, Am, , Am, , 
Am, «SH17S>-e, R 9 . R„. R,,£H£$t?C 

h, . c, h. m>mtmmt*.m<D-um&tvtct% 

K, R, (R,„) NR„-C^3tl5fb^-C*0. fl» 

«:. F yx^^;vr 5^7;^> {As [n (c 

H, ) , ] , } IA>. 
[00 18] Mtc, *^fcj:n«, b5E«,»-T4t*©A 
1 5filb^«5*«»<D)(SSfiKfi^{C*J«,»-C. iTiBi^B^SE 

[0019] 

[0020] (mmm dhi «*^?9<D«t^ 1 tc^ 

^r;bi--?A (a i ) ^{b^a^^oSft^s^ri* 
<D&TM&mic™?m-C. m<l#V??& (GaN) ?^ 
i'*ffit»fcT^5-'>Afc* (AlAs) cDK^-St" 

[002 1 JH1 (a)*#H5L/T, Ga A s (10 
0)OIS1W\ H*fflffiBrt«:*5t»r36rWR i 
*H©e«fflWW*lft*l»fca. S«?SS5 8 0'C-CG 
aAsOit^tt/t^fijifiit^. GaAs^xf^ 
+ f f U fc«. SStaS* AsffiT^640'CS 
•C±lfr, GaAsSI^'j'jA'J ^ (Ga ric 
h)ai((lxl) Gal) tT5. C(0i#*3R 

(N) fi445^^l-t K-5J?> (DMHy) €r^A 
L/. AsE%*5. cnCCto-C. 20*>^hn- 
ASJtt©»3**r*fi0ErflCDG a N©«fi2 
•S. GaNM, SI (b) (C^-r^^tc, tl^x 
* 3 *ffll>-CG a 4 3 ©BIPSPCeSfrWK: 

OWS. G a 4 *#Wfc|ft. 01(c) IC^-T «fc 5 

01 (d) «:jS-r<i:^(C, Ga4J&flWfcGaN© 
JIM20-8teaHRftCC||fc£L. ^dr-->^rs. 0 
1 (d) tcfc^r«, ?LSS2 aWSntl,^. Ga 



(4) 

5 

NOW* 2 £LX ?Ltc&. mi 

(e) &c^TJ:5fc:. *«S££430°C4U 
^T^S-'JA'W F9-f F (DMA 1 H) *F y*S? 
y^;l-T = yTJl/V> (T DMA A s ) *JB<,»T7rt'5 
^Wbl (AlAs) 5 0WWS«*fTofc. JPft. 
DMAlHil. 5xiO- 7 Torr. T DMA A s £ 
1. Oxio- 7 Torrilt, jffiKX££3B*iK:&A 
{✓ft:. -£<DIS*. AlAs54GaN©»K2^5 
(J£OF. GaN7X^2iff^) 0^*-^>y 

GaN7X^2Bc», AlAs«iSLWo/c B « 
l^)Ci^6, DMA 1 HiTDMAA sO«*^btt 
tt. Ai As©**S««c«ittr*-Dfc. 
[0 0 2 2] otvc&#6, A 1 A s cWBfRfi««*. G 
aA sg&±<D£S/£g$c:fc^r, DMA 1 Hi TDM 
A A s *ffli»rB±©EE**fr«:*50»r. 5 0 0 'CtTF 
©J0E*flK"CtT&-3fc4&. AlAsO^A^^g 
B#»6ftfc. X, JiJ«iM*5 0 0mJ:«cr&4A 

o/c. 20 
[002 3II&C, Jt««0A(C. DMA 1 HiAs, 
0fi*^tA 1 AsOMfe^tS/Co C<Z)*I 
DMA1H41. 5xiO" 7 Torr. As, * 
1. 5x l 0 6 To r rtLX, J3cfiHK*SM.TA 1 

[0 0 2 4] Ofc^oT, 1 «c*i»r 

«. DMAlHiTDMAAsm>t, 5SS&S5 0 
0 'CfcTFr A l A s *£ffiJ«fiLJk»£fc:*C>TQ#. 
XA-Xtt«B*» £C4#-Cgrfco 30 

[ 0 0 2 5 ] *«WOHSSM 1 OJC6ffl«i Lt. 

G>*1. 5xiO w TorrIAL, AlGaAs© 
Sfi®±BJS**H#/c*J. CO^^, #»{cxa- 

j£ffl^cDMAlH, TMG, RtfTDMAA s *«* 
^/cA 1 G a A s<0»SR!tSCCfe^a%ite*%f#« 

c4#rtfc. 

[0 02 6] (9Ettffl2) *»«2CC*Jl»TB. *S6W 
l(0GaN7X^ftU, GaAsffitlW/tfel 40 

•^n-b^^cj:*A 1 A s OBftj&S 
^fo/to ^<D#/t&i. g*r, Ga A s (100) SS 
ItciOTorr ©^#x**^»*ec»AU C 
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OS«$I(CGaA sffifkK^/M3y>7>^C0*RBf* 

±KH9fffiKC^9. *©»5 4 0"CTGa*WWfcGa 
AsHfUICIRIMiStfA:. C*ifc«i:-*T. GaAsi 
ftil«C|IPap*R»fc. DMA 1 HiTDMA 

As£ffiiBX^Hrtfc3SAU g«agfi4 3 0'C. A 

1 A s <Dii»?0«*«#fc. -e<D*£l&. G a A s KftR 
<Dg§pa$©*A 1 A s©M?«*6fT5C4**C*fc. 

[0 0 2 7] (»«I|3) GaNv^^, XBGaA s 
Hffc^X**«l>, DMA 1 H4TDMAA sOffl*^ 
fo«Ottt>0K:. y^f;l/x^7;>77> ( (CH 
3) 2 C 2 H s NA1H 3 ) 4T DMA As 

A 1 As<Dm$R!&g:&mmX'Ztc 0 
[0 02 8] (HGttM4) *fc. _LfaHigflI17!rM3 4 
0«K:. A 1 GaA sGtfKRj&fifcteOT. m$W*<D 

4 L/T. GaliUF';^^y?A 
(TMG) , X«F yx^My-jA (TEG) 4U 
Al«4l/Ttt. t?jt*frTJb$n<t F^-f F (DMA 

sSiim h>;^^^7^7^» (TDM 
AAs) *fflt,>Tf?3C4**C«ft:. 
[0 02 9]j^, A 1 A s . AlGaAs, A 

IN, Al GaNfOA 1 ^r^TOftdVMHWO 

[0 030] 

[HI] (a) - <e) tt3TO93<Z»E»«l(c«&Al 

[W-^DttBJ] 

1 ttfil 

2 WIS 

3 ilvx^ 

4 (Ga) 

5 7;R^^Abf(AlAs) 



(5) 
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